Both antiretroviral therapy and the human coreceptor polymorphism CCR2-V64I slow progression of human immunodeficiency virus type 1 (HIV-1) disease. To examine the effect of V64I on disease progression in patients receiving therapy, we determined CCR2 genotypes in the Women's Interagency HIV Study cohort. We studied 2047 HIV-1-infected women, most of whom initiated treatment during the study. No association was seen between CCR2 genotype and either disease progression or therapeutic response, suggesting that the benefits of treatment most likely overshadow the salutary effects of the V64I polymorphism.
Studies of untreated HIV-1-infected populations revealed that polymorphisms in the human genes encoding the chemokine receptors CCR5 and CCR2 can influence the rate of HIV-1 disease progression [1] [2] [3] . A variant of the gene encoding CCR2, V64I, which has been detected in all ethnic groups examined [1, 4] , has been associated with delayed disease progression [1] [2] [3] [4] [5] .
Initial investigations linking the CCR2-V64I allele to slow HIV-1 disease progression predominantly focused on white men studied before the era of HAART [1, 4] . Although HAART is also well known to prevent disease progression [6, 7] , few studies have examined the influence of CCR2 genotypes on virologic and immunologic response in treated populations [5, 8, 9] . Questions remain as to whether the CCR2 polymorphism exerts a discernible, clinical effect in individuals who are receiving antiretroviral therapy (ART).
To address these issues, we determined the CCR2 genotypes of all 2606 subjects enrolled in the Women's Interagency HIV Study (WIHS), a multicenter, natural history study of HIV-1 infection in women in the United States [6] . A total of 2047 WIHS participants were HIV-1 infected; of these, 70.6% received ART [6] . The relationship of CCR2 to HIV infection status, ethnicity, transmission risk, clinical disease progression, and response to therapy was analyzed.
Methods. We studied all 2047 HIV-1-infected and 559 HIV-1-uninfected participants in the WIHS, a cohort reflecting the ethnic backgrounds and risk behaviors of groups among whom HIV-1 infection is spreading rapidly [6] . The institutional review boards at each site and the New York State Department of Health (Albany) approved the investigation. Each woman provided informed consent. Sample collection, data analyses, and genotypic analyses have been described elsewhere [1, 10] . CCR2 genotypes were categorized as wild-type (+/+), heterozygous V64I (+/V64I), and homozygous V64I (V64I/V64I).
The association between CCR2-V64I genotype and HIV-1 infection was examined by using a logistic regression model and was reported as an OR with 95% CIs. The OR gives a measurement of the likelihood of infection among V64I heterozygotes and/or homozygotes, compared with individuals homozygous for wild-type CCR2. Analyses were performed by comparing these 3 groups overall and then by stratifying according to ethnicity and risk. Similar analyses were performed by comparing wild-type homozygotes with individuals carrying at least 1 copy of the V64I allele.
To evaluate disease progression in relation to CCR2 genotype, we studied women who were homozygous for the wild-type CCR5 allele (see Results), had CD4 + cell counts available during the study period, and did not enter the WIHS with a clinical diagnosis of AIDS. Kaplan-Meier estimates and log-rank statistics were calculated to evaluate the effect of CCR2 genotype from the time of study entry to first report of a clinical AIDS outcome. Previous studies of HIV-1 disease progression have shown that it is necessary to adjust for disease severity by accounting for each individual's duration of infection [11] . For a seroprevalent cohort like the WIHS, this is usually achieved by adjusting for clinical markers, such as CD4 + cell count and HIV-1 RNA load [12] . Thus, we used a discrete time-survival model, with the time-dependent covariates of CD4 + cell count and HIV-1 RNA load used to adjust for disease severity at study entry. We similarly controlled for ART as a time-dependent covariate by stratifying study participants into 3 categories according to treatment (persons who did not receive ART [328 women], ART recipients [483 women], and HAART recipients [827 women]), as defined by National Institutes of Health guidelines. Because clinical and therapeutic data were collected longitudinally at 6-month intervals, we were also able to control for each of these potential confounders as time-varying exposure variables.
To address whether the CCR2 genotype affects response to therapy, we studied 901 women who initiated HAART and were observed for у3 consecutive visits after its initiation. Baseline values were defined using measurements from 1 year prior to the commencement of HAART. An individual was considered to have responded to HAART if the following criteria were satisfied at у1 of the follow-up visits: ; an increase from the baseline category to a higher category was considered to be a positive response.
3. The increase in the CD4 + cell count was calculated for each visit; an increase of у25% above the baseline level was considered to be a positive response.
4. Change in the HIV-1 RNA load was used to define response to HAART only in patients with a baseline HIV-1 RNA level of 140,000 copies/mL ( ); a decrease of у1 logan p 326 rithm was considered to be a positive response.
For each model, the magnitude of the association between genotype and response to therapy was measured by using ORs.
Results. After determining the CCR2 genotypes of all WIHS participants, we stratified the 2047 HIV-1-seropositive and 559 HIV-1-seronegative women according to ethnicity and transmission risk. Among the 2606 women, 86.5% carried the homozygous wild-type genotype, 12.5% were V64I heterozygotes, and 1.0% were V64I homozygotes. The frequency of the CCR2-V64I allele in the cohort was also calculated as described in table 1, and was 0.073 overall. Contrary to what has been observed in other studies [3] [4] [5] 9] , the frequency of CCR2-V64I was only slightly less common among white subjects than among other ethnic groups (0.079 among African American subjects, 0.072 among Latino subjects, 0.055 among white subjects, and 0.069 among other groups).
Because CCR2-V64I is in complete negative linkage disequilibrium with CCR5-D32, a chemokine receptor mutation that affects HIV-1 transmission [1] , additional analyses included only those women who were homozygous for the wild-type CCR5 allele (1940 subjects were seropositive and 513 were seronegative). The CCR2 genotypes and CCR2-V64I allelic frequencies for these 2453 WIHS participants are shown in table 1. Demographic characteristics and treatment histories of the women homozygous for the wild-type CCR5 allele are remarkably similar to those of the WIHS cohort as a whole [6] . The frequency of the CCR2-V64I allele among these women was 0.074 overall and varied only marginally between the different ethnic groups.
We next determined whether the CCR2 polymorphisms influenced susceptibility to HIV-1 infection. HIV-1-infected and HIV-1-uninfected women were equally likely to have at least 1 copy of the CCR2-V64I allele (OR, 1.06; 95% CI, 0.79-1.41), indicating that the CCR2 genotype did not affect HIV-1 transmission (table 1) . Stratification by ethnicity or transmission risk also failed to show a statistically significant effect of the V64I allele on HIV-1 transmission (table 1) .
The influence of the CCR2 genotype on clinical HIV-1 disease progression was then examined in 1638 women, 80% of whom received ART during the study (see Methods). Because the CCR5D32 mutation also slows HIV-1 disease progression [1] , these analyses were restricted to women who were homozygous for the CCR5 wild-type allele. Univariate and multivariate models of disease progression failed to detect any protective effect, a finding seen both when individuals homozygous or heterozygous for CCR2-V64I were analyzed as 2 separate groups and when they were combined into 1 group. Compared with individuals homozygous for wild-type CCR2, patients car- rying at least 1 copy of the V64I allele had an equivalent risk of developing AIDS (OR, 1.0; 95% CI, 0.8-1.3). Kaplan-Meier estimates also failed to show any significant effect of the CCR2-V64I allele on progression to AIDS (figure 1). These results were observed for the entire WIHS population and for subsets of patients stratified by ethnicity, treatment, and transmission risk. We investigated the effect of the CCR2 genotype on response to ART in 901 women. No significant influence of CCR2 genotype on response to HAART was found by using any of the 4 methods defining response (  ; table 2 ). P 1 .05 Discussion. This examination of the CCR2 genotype in a large cohort of women in the United States, most of whom received ART, showed that the CCR2-V64I allele neither protected against HIV-1 acquisition nor altered the response to HAART. These data confirm and expand the findings of published smaller studies [5, 8, 9] . In contrast to other reports [3] [4] [5] , however, our analysis of disease progression in a group in which 80% of subjects received ART found that the CCR2-V64I allele did not significantly delay the onset of HIV-1 disease. Post hoc analyses of power and sample size demonstrated that these studies included sufficient numbers of participants to detect differences in HIV-1 transmission and disease progression rates of as little as 5%-7%-equivalent to differences seen in other studies [3] [4] [5] .
It is possible that the seroprevalent nature of the WIHS may explain our inability to detect the effect of V64I on disease progression. This effect may be evident only when individuals are observed from the time of seroconversion, a notion supported by a recent meta-analysis [4] . It is likely, however, that the extensive use of antiretroviral agents, including HAART, by the WIHS cohort during the follow-up period resulted in low rates of disease progression and of AIDS-defining events [6] . Previous studies demonstrating the protective effect of the V64I allele were conducted before the era of widespread HAART use or were performed in countries where ART is not readily available [3] [4] [5] . Our results suggest that the effects of the V64I polymorphism in CCR2 are overshadowed by the power of HAART to delay or reverse disease progression.
